is generated by the reduction o f its corresponding lactone which is sidely derived from the oxo-reduced species o f 3 by intram olecular cyclization.
Introduction
The discovery aro u n d the m id-60's by R ozantsev et al. [1 -3 ] th at a nitroxyl N -O ' m oiety its nitrogen ato m linked to two tertiary carb o n s can m aintain its param agnetic radical p ro p erty w ithin m any organic synthetic m odification approaches m akes it accessible for chem ists and biochem ists to prepare the m odified am inoxyl co m pounds co n taining the desired functional group(s) needed for am inoxyl spin labeling [4] , C urrently, am inoxyl spin-labeling m ethod has been developed to m any fields such as spin-labeled m edical co m pounds for the study o f the nature o f drug-receptor in terac tion [4] and drug-m etabolizing m echanism , spinlabeled tran sitio n al m etal com plexes for the study o f interactions between the radical electron and the m etal ion [5] , spin-labeled N M R co n trastenhancing agents [6] , and spin-labeled crow n ethers [7] . O ne o f the m ost p o p u lar am inoxyl spin labels in use today is 4-hydroxy-2,2,6,6-tetram ethylpiperidine-l-oxy (H T M PO ): 
HTMPO
The disadvantage o f this am inoxyl radical m ight be th a t spin labeling with H T M P O is m ostly lim it ed to the use o f only acylation reaction and the nitroxyl N -O m oiety is far aw ay from the desired system, e.g., in the case o f the spin-labeled crow n ether [7c], In troducing o f an extra hydroxy group to H T M P O skeleton m ay extend the use o f the spin label and im prove its advantages in som e aspects. The spin label 5 involves tw o hydroxy groups w hich m ay be used in the construction o f a crow n ether th a t cavity is quite close to the N -O ' m oiety. D ifferent properties o f the secondary hydroxy an d the prim ary hydroxy groups in 5 provide o p p o rtunities to convert 5 into a ketonealcohol am inoxyl, a a lc o h o l-a ld e h y d e am inoxyl or a k e to n e -a ld e h y d e species deponding on the purpose o f the research. The two hydroxy groups m ay also be used to connect to two different desired m olecular species.
A m inoxyl spin-labeled crow n ethers have a t tracted m uch a tten tio n and substantial synthetic efforts have been m ade [7] , A successful exam ple is th a t the N -O ' m oiety is exactly involved in the construction o f its m onoazacrow n ring and the sodium cation in the cavity can strongly interact w ith the spin label exhibiting a very large m etal ato m splitting a Na = 2.47 G in dichlorom ethane [7e] . M any am inoxyl spin-labeled crow n ethers w ith the N -O ' g roup tow ard the cavity do not achieve significant interaction w ith potassium c a t ion, sodium cation, or lithium cation [7a] . It is curious to us th at w hether o r not the dihydroxy am inoxyl 5 can build up some w onderful spin label crow n ethers m aking the N -O ' m oiety interact w ith m etal ions. T herefore, the synthesis o f the crow n ether 12 and its analogue 13 from 5 has been tried in o u r laboratory.
R esults and D iscussion
The ro u te for the synthesis o f the dihydroxy am inoxyl radical 5 is illustrated in Scheme 1. 4-O xo-2,2,6,6-tetram ethylpiperidine reacts with pyrrolidine to supply the enam ine 1 w hich is tre a t ed w ith m ethyl acrylate o r ethyl acrylate followed by hydrolysis providing the ad d u ct 2 o r 3. F rom the oxo-ester piperidine 3, two appro ach es have been tried to reach 5. The first way is the oxidation o f 3 w ith hydrogen peroxide catalyzed with sodium tungstate and then reduction o f 4 with lithium alum inum hydride. The second ro u te is the reduction o f 3 by sodium borohydride with h ea t ing to give 6 which is oxidized giving the desired am inoxyl 5. The com paratively convenient proce dure and higher yield suggest that the second is a better way for the synthesis o f 5.
C olum n chro m ato g rap h y on silica gel o f the crude p ro d u ct o f 5 derived from the crude dihy droxy piperidine 6 gains a by-product which is as signed to the cyclic ether aminoxyl 8 based on its IR spectrum , MS spectrum , m icroanalysis data and 'H N M R spectrum o f its hydroxylam ine a n a logue resulted from the reduction o f 8 with P h N H N H 2. It is considered th at 8 m ust be com e from its am ine analogue 7 which should be gener ated in the reduction reaction o f 3 with sodium borohydride. The m echanism for the generation o f 7 is proposed as those illustrated in Scheme 2. A c cording to the m echanism , the lactone piperidine is resulted and the fu rther reduction o f this com p o u n d by sodium borohydride with heating af fords 7. In o rder to confirm this m echanism , the reduction procedure is conducted at lower tem per ature. A fter oxidation o f the reduced product, a new stable am inoxyl 9 (Scheme 3) is separated which is ap parently from its corresponding am ine. Therefore, the lactone piperidine is exactly gener- I.
13
Experimental IR spectra were recorded on a Perkin-E lm er 683 spectrom eter and 'H N M R spectra on a V arian EM -360 L (60 M H z) spectrom eter. M ass spectra were o btained on an A E I M S-50/D S-30 in stru m ent and E P R spectra on a V arian E-109 spectro m eter. M icroanalysis o f new com pounds were per form ed by the Elem ental A nalysis G ro u p o f the Institute o f C hem istry, A cadem ia Sinica.
2.2.6.6-Tetram ethyl-4-( 1' -pyrrolidinyl)piper idine-3-ene (1)
To a single-necked flask (250 ml) were added 4-oxo-2,2,6,6-tetram ethylpiperidine (77.5 g, 500 m m ol), pyrrolidine (50 ml, 600 m m ol) an d dry benzene (100 ml). The m ixture w as refluxed for 8 h to rem ove w ater resulted. A fter ro tary e v ap o ra tion rem oving benzene and excess pyrrolidine, low pressure distillation gave 97 g (8 6 
2.2.6.6-Tetram ethyl-4-oxo-3-( 2'-m ethoxycarbonylethyl)piperidine (2 )
T o a three-necked flask (100 ml) equipped w ith a therm om eter an d a condenser were added the enam ine 1 (13. 2.2. piperidine (3) The co m pound 3 was p rep ared by the sam e p ro cedure as th at used for the p ro d u ctio n o f 2 ; yield 59% .
IR ( 
2,2,6,6-Tetramethyl-4-oxo-3-( 2'-ethoxycarbonylethyl)piperidine-I -oxy (4)
The m ixture o f crude 3 (11.5 g, 45 m m ol), 30% hydrogen peroxide (15 ml), sodium tungstate dihy drate (0.5 g, 1.5 m m ol) and w ater (100 ml) was stirred for 3 h at room tem perature an d then left overnight. The solution was extracted with ethyl acetate (150 ml), dried over an h y d ro u s sodium sul fate, filtered. A fter evaporation, ch ro m ato g rap h y on silica gel eluted with chloroform gave 8 g (65% yield) o f red oil.
E P R (C6H 6): (broad, C = 0 ); MS: m /e = 270 (M +).
4-H ydroxy-3-( 3'-hydroxypropyl ) -2 ,2,6,6-tetramethylpiperidine-1 -oxy (5)
M ethod I. The reduction procedure o f a ester com pound containing am inoxyl radical refers to the previous literature [8] , T o a solution o f 4 (12.9 g, 48 mmol) in absolute ether (30 ml) was added dropw ise for 20 min a solution o f lithium alum inum hydride (0.9 g, 23.7 m m ol) in absolute ether (70 ml) at 0 -2 °C with a stirring. A fter stir ring for additional 30 min, ad d itio n o f w ater (10 ml) was followed by stirring for 1 h m ore. The m ixture was filtered, evaporated, c h ro m a to graphed on silica gel w ith ethyl acetate as an eluent to give 4.0 g (30% yield) o f red oil 5. E P R ( C6H 6 
M ethod II.
T o a solution o f crude 6 (2.6 g, 12 m m ol), which will be described lately, in w ater (25 ml) was added sodium tu n g state dihydrate (0.06 g, 0.18 mm ol) and 30% hydrogen peroxide (3.5 ml). The solution was stirred for 8 h at room tem perature and left overnight. A m m onium c a r bonate (5 g) was added and the m ixture was ex tracted with dichlorom ethane (100 ml). The organic layer was dried over an h y d ro u s sodium sulfate, filtered, evaporated. C h ro m a to g ra p h y on silica gel eluted with ethyl acetate produced tw o -3-( 3'-hydroxypropyl) -2,2,6,6-tetramethylpiperidine (6) The reduction procedure follows th a t reported by the previous literature [9] , To cooled m ethanol (30 ml) a t 0 -5 °C was added pow dered sodium borohydride (1.5 g, 39 m m ol), 3 (3.3 g, 13 mm ol). T he reaction m ixture was stirred for 30 m in at 0 -2 °C and for 22 h at room tem perature. A n o th er p o rtio n o f sodium borohydride (1.5 g) was a d ded and the m ixture was refluxed for 12 h. The solvent was rem oved, acetone (50 ml) was added and the solution was refluxed again for 1.5 h. A fter ev aporatio n , aqueous potassium carb o n ate solu tion (50 ml) was added an d then the solution was refluxed for 1. 7, 7, 9, 4, C o m po u n d 8 was separated from a crude p ro d uct o f 5 (M ethod II) by colum n ch ro m ato g rap h y in 7% yield (R f = 0.80, eluent: ethyl acetate); m .p. 7, 7, 9, 4, T o a solution o f 3 (1.20 g, 5 m m ol) in m ethanol (100 ml) was added sodium borohydride (0.25 g, 6 m m ol) at 0 -2 °C. The m ixture was stirred for 1.5 h a t 0 -2 °C and for 20 h at room tem perature. A fter ro tary evap o ratio n , the residue was dis solved in w ater (40 ml) an d extracted w ith n-butanol (2 x 30 ml). The com bination was dried over anh y d ro u s sodium sulfate, filtered and evaporated to give 1.17 g o f slightly yellowish oil. P art o f the residue (0.55 g) w as dissolved in ethanol (20 ml 2, 2, 6, piperidine-1 -oxy ( -4-ch/oroacetoxy-3-( 3'-chloroacetoxypropyl) piperidine-l-oxy
4-H ydroxy

.2.6.6-Te frame thyl
To a solution o f 5 (0.5 g, 2.17 m m ol) in dry ben zene (10 ml) was added dropw ise a /7-butyllithium solution (3 ml, 4 .78 m m ol) in hexane (15% ) at 12 °C. The m ixture was stirred for 30 m in and evapo rated to rem ove benzene and hexane. F resh ly distilled ethyl 2 -chloroacetate (20 ml) was added to the residue and the m ixture was stirred for 5 h at 9 5 -1 0 0 °C. The excess ethyl 2-chloroacetate was rem oved by lower pressure distillation an d the res idue was purified by colum n ch ro m ato g rap h y on silica gel eluted w ith ethyl acetate. F u rth e r purifi cation by preparative thin layer ch ro m ato g rap h y gave 0.44 g (53% yield) o f red oil 11.
E PR (C 6H 6): a N = 15.5 G; IR (neat): vmax = 1750 c m -1 (ester C = 0 ) .
C alcd C 50.14 H 6.84 N 3.65% , F o u n d C 50. 44 H 6.69 N 3.77% . 16, 16, 18, 5, 8, 4, T Found C 62.27 H 9.91 N 4.49% . 16, 16, 18, 5, 8, 4, T o a m ixture o f 5 (0.5 g, 2.2 m m ol), freshly dis tilled triethylam ine (3 ml, 21 mmol), dry benzene (20 ml) and chloroform (10 ml) was added a solu tion o f 3,6-dioxa-1,8-octyl dichloride (0.51 g, 2 .1 m m ol), prepared from triethylene glycol by oxidation and chlorination [10] , in chloroform (50 ml). The m ixture was stirred for 7 h at room tem perature and then evaporated. The residue was dissolved in benzene (40 ml), filtered and evapo rated. C olum n chrom atography on silica gel elut ed w ith a mixed solvent o f chloroform and ethyl acetate (50/50, v/v) and collection of the first red b and gave 0.26 g (30% yield) o f red oil 13. E P R ( C6H 6 T he au th o rs th a n k the N ational N atu ral Science F o u n d a tio n o f C hina for the financial support.
